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(54) Apparatus for and method of recording image 



(57) The intensity of a light beam (L) is controlled 
accurately depending on an image to t>e recorded on a 
photosensitive medium. An apparatus for recording an 
image by scanning a photosensitive medium with a light 
beam (L) generated based on an image signal has a 
recording duty cycle detector (154) for detecting a re- 
cording duty cycle (PDUTY) of an image to be recorded 
on the photosensitive medium based on the image sig- 



nal, and a light beam intensity con-ecting memory (1 56) 
for modulating the intensity of the light beam based on 
the detected recording duty ratio (RDLTTY). Since the 
intensity of the light beam (L) is modulated based on the 
recording duty ratio (POLITY) of the image recorded on 
the photosensitive medium, the amount of light of the 
light beam can be adjusted depending on the image ac- 
tually recorded on the photosensitive medium. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

[0001] The present invention relates to an apparatus 
for and a method of recording an image on a photosen- 
sitive medium by scanning the photosensitive medium 
with a light beam. Description of the Related Art: 
[0002] There has heretofore been known an image re- 
cording apparatus for recording an irhage on a photo- 
sensitive medium such as a film by scanning the photo- 
sensitive medium with a light beam, as disclosed in Jap- 
anese laid-open patent publication No. 63-191473, for 
example. 

[0003] The above publication refers to the following 
problem: 

When a halftone dot recorded on a film by a light beam 
by way of exposure is developed, it usually becomes 
slightly greater than the recorded halftone dot due to the 
Gaussian distribution of a light spot on the film. This phe- 
nomenon tends to be more noticeable when the devel- 
oping liquid used to develop halftone dots Is deteriorat- 
ed. It has been described in the publication that since 
the extent by which the halftone dot becomes larger re- 
mains substantially constant irrespective of the size of 
the halftone dot, if the halftone dot is of a small size 
whose halftone dot % (hereinafter referred to as halftone 
%) is 1 0 % or less, the effect that the larger halftone dot 
has on an image representation is greater than if the 
halftone dot is of a size for a medium gradation. 
[0004] To solve the above problem, the publication 
discloses a light beam intensity correcting circuit as 
shown in FIG, 18 of the accompanying drawings. As 
shown in FIG. 18, the light beam intensity correcting cir- 
cuit has a light beam intensity correcting means 8 com- 
prising a memory (memory table) 2, a D/A converter 4, 
and a bufter amplifier 6. A muttigradation digital irhage 
signal a, e.g., a digital image signal a in 258 gradations 
(raging from 0 to 1 00 halftone %), is supplied to a com- 
parator 10 and the memory 2 of the light beam intensity 
correcting means 8. 

[0005] The comparator 1 0 compares a threshold sig- 
nal, which is of a value In the range from 0 to 256, from 
a threshold memory 12 with the digital image signal a, 
and outputs a binary signal c, which is of a high level or 
a low level, indicative of the compared result. When the 
binary signal c is of a high level, a switch 14 has its com- 
mon contact shifted to connect the light beam intensity 
correcting means 8 to an optical modulator 16, as 
shown. 

[0006] The optical modulator 1 6 modulates the inten- 
sity of a laser beam depending on an output signal f from 
the light beam intensity correcting means 8. The inten- 
sity-modulated laser beam outputted ft^om the optical 
modulator 1 6 is applied to record an image on a film 1 8. 
[0007] The memory 2 stores an amount-of -light con- 



trol value for keeping the amount of light of the laser 
beam at a constant level when the halftone % is in a 
shadow and medium range, and an amount-of-light con- 
trol value for progressively reducing the amount of light 
5 of the laser beam when the halftone % Is in a highlight 
range, i.e., 10 % or less. 

[0008] Wrth the conventranal light beam intensity cor- 
recting circuit shown in FIG. 18, the extent by which a 
halftone dot becomes greater in the highlight range is 
10 reduced depending on the degree of correction of the 
intensity of the laser beam, resulting in a halftone dot 
smaller than usual. 

[0009] The above publication reveals that since the 
intensity of the laser beam is controlled to reduce the 

15 amount of light of the laser beam in the highlight range, 
the extent by which a halftone dot becomes greater in 
the highlight range is eliminated, resulting in an increase 
in the accuracy of the halftone dot representation. 
[001 0] However, the disclosed conventional image re- 

20 cording apparatus is disadvantageous in that since the 
intensity of the laser beam is conected in a unit of half- 
tone %. i.e., in a unit of the entire halftone dot, depend- 
ing on the gradation of the input image signal, the inten- 
sity of the laser beam is con-ected identically irrespective 

25 of the shape of the halftone dot. 

[0011] Recently, there have been developed various 
CRT (Computer To Plate) exposure apparatus for per- 
forming a platemaking process by directly exposing a 
photosensitive printing plate to an image. For example, 

30 Japanese laid-open patent publication No. 2000-35673 
discloses an inner-drum plate softer and a lithographk: 
printing plate. When such a photographic printing plate 
is exposed to a halftone dot image by a laser beam, a 
new problem arises if the intensity of the laser beam is 

35 controlled to a small degree in a range of small halftone 
%. 

[0012] The photographic printing plate comprises a 
support body supporting thereon a photosensitive layer 
where an area Irradiated by a laser beam remains as a 

40 halftone dot image. As shown in FIG. 1 9 of the accom- 
panying drawings, the photographk: printing plate Is ba- 
sk:ally produced from a photosensitive medium 32 
which has a photosensftive layer 21 of a photopolymer 
disposed on a support body 20 of a metal base such as 

45 of aluminum or the like, and a transparent overcoat layer 
22 disposed on the photosensitive layer 21 for blocking 
oxygen. 

[0013] When light is applied to an area 23 of the pho- 
tosensitive medium 32, the area 23 is hardened. There- 
to after, the photosensitive medium 32 is heated to accel- 
erate the hardening of the area 23. After the photosen- 
sitive medium 32 is heated, it is developed in an alkaline 
developing liquid, and the area of the photosensitive 
medium 32 which is not irradiated by the light is scraped 
55 off by a brush or the like, producing a printing plate 25 
where the in-adiated area 23 serves as an image area 
24. 

[001 4] As a resuft of an experiment conducted on the 
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photosensitive medium 32, it has been found that if the 
image area 24 is not hard enough and is present as an 
isolated image area or a smalt image area, it tends to 
fall off while the photosensitive medium 32 is being proc- 
essed in the developing process. 
[001 5] It has also been found that in an image record- 
ing apparatus for scanning the photosensitive medium 
32 directly with a light beam to f omi a halftone dot image 
according to an area modulation (area gradation) proc- 
ess, in order to sufficiently produce an image with small 
halftone %, i.e., a highlight image, and keep the highlight 
image with small halftone % sufficiently resistant to plate 
wear, It is necessary to expose the photosensitive me- 
dium 32 to an increased amount of recording light for 
the highlight image, as indicated by a qualitative char- 
acteristic curve 26 in FIG. 20 of the accompanying draw- 
ings, unlike the conventional arrangement shown in 
FIG. 18. 

[0016] However, when the amount of recording light 
increases, halftone dots in the shadow range are clus- 
tered to reduce the number of resolution points of half- 
tone %, resulting in such a problem that a black thin line 
within a highlight area and a white thin line within a shad- 
ow area have different thicknesses. 
[0017] As indicated by a qualitative characteristic 
curve 27 in FIG. 21 of the accompanying drawings, it 
has also been found that when the amount of recording 
light increases, the amount of flaring light produced 
around an image area increases to create afog in a non- 
image area, resulting an image in^egularity. 

SUMMARY OF THE INVENTION 

[001 8] It is therefore an object of the present invention 
to provide an apparatus for and a method of recording 
an image by accurately controlling the intensity of a light 
beam depending on the image to be recorded. 
[0019] Another object of the present invention is to 
provide an apparatus for and a method of recording an 
image by making a highlight image recorded on a pho- 
tosensitive medium, whfch comprises a support body 
supporting thereon a photosensitive layer where an ar- 
ea inradiated by light remains as an image, sufficiently 
resistant to plate wear, and preventing the image from 
suffering image irregularities. 

[0020] Still another object of the present invention is 
to provide an apparatus for and a method of recording 
an image with a simple con-ective an-angement without 
the need for a corrective memory table. 
[0021] According to the present invention, there is 
provided an apparatus for recording an image by scan- 
ning a photosensitive medium with a light beam gener- 
ated based on an image signal, comprising recording 
duty cycle detecting means for detecting a recording du- 
ty cycle of an image to be recorded on the photosensi- 
tive medium based on the image signal, and light beam 
intensity modulating means for modulating the intensity 
of the light t>eam based on the detected recording duty 



ratio. 

[0022] Since the light beam intensity modulating 
means modulates the Intensity of the light beam based 
on the recording duty ratio, detected by the recording 

5 duty cycle detecting means, of the image to be recorded 
on the photosensitive medium, the amount of light of the 
light beam can be adjusted depending on the Image ac- 
tually recorded on the photosensitive medium. 
[0023] If the photosensitive medium Is of such a na- 

10 ture that an area irradiated with light remains as an im- 
age, then the light beam Intensity modulating means 
comprises means for modulating the intensity of the light 
beam to a higher level In a highlight area of the image. 
The plate wear resistance of the highlight area of the 

15 image on the photosensitive medium can be kept at a 
sufficient level. 

[0024] The highlight area preferably comprises a 
highlight area smaller than 25 % of all gradations of the 
Image recorded on the photosensitive medium. 

20 [0025] The recording duty cyde detecting means may 
comprise a low-pass filter. With the low-pass filter used, 
it is not necessary to use a correcting memory table. 
[0026] The recording duty cyde detecting means may 
comprise nrreans for detecting a recording duty cycle 

25 con^esponding to a given area in the image recorded on 
the photosensitive medium. With this arrangement, it is 
not necessary to detect all duty ratios of the image, and 
the processing operation can be perfomned at a high 
speed. 

30 [0027] If it is not necessary to detect ail duty ratios of 
the image, then the apparatus may furthercomprise ran- 
dom number applying means for varying the position of 
the given area in the image with a random number, or 
random number applying means for varying the size of 

35 the given area in the image with a random number, or 
the light beam intensity modulating means may com- 
prise random number applying means for applying a 
random number to the detected recording duty cycle, 
and means for modulating the intensity of the light beam 

40 based on the recording duty cyde to which the random 
number is applied by the random nurr^er applying 
means. In this manner, it is possible to eliminate beats 
that may occur between the given area for detecting the 
recording duty ratio and the recorded image. 

45 [0028] If the light beam comprises a plurality light 
beams for simultaneously scanning the photosensitive 
medium to record the image thereon, then recording du- 
ty ratio detecting means may comprise a plurality of re- 
cording duty ratio detecting means associated respec- 

50 lively with images recorded on the photosensitive me- 
dium based on respective image signals to generate the 
light beams, respectively, and the light beam intensity 
modulating means may comprise a plurality of light 
beam intensity modulating means assodated respec- 

55 lively with recording duty ratios detected by the record- 
ing duty ratio detecting means, respectively. With this 
arrangement, the intensities of the light beams can be 
modulated while eliminating beats. 
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[0029] If beats are allowed and the light beam may 
comprise a plurality of light beams for simultaneously 
scanning the photosensitive medium to record the Im- 
age thereon, then the recording duty ratio detecting 
means may comprise means for detennining an aver- 
age recording duty ratio of images recorded on the pho- 
tosensitive medium based on respective Image signals 
to generate the light beams, respectively, and the light 
beam intensity modulating means may comprise means 
for modulating the brightnesses of the light beams 
based on the average recording duty ratio. 
[0030] According to the present invention, there is al- 
so provided an apparatus for recording an image by 
scanning a photosensitive medium which is fed in an 
auxiliary scanning direction, with a light beam generated 
based on an Image signal in a main scanning direction 
substantially perpendicular to the auxiliary scanning di- 
rection, comprising present recording duty cycle detect- 
ing means for detecting a present recording duty cycle 
of an image to be recorded on the photosensitive medi- 
um based on the image signal, light beam intensity mod- 
ulating means for modulating the intensity of the light 
beam based on the detected present recording duty ra- 
tio, preceding recording duty cycle detecting means for 
detecting a preceding recording duty cycle of the image 
at a position scanned later than the present recording 
duty cycle detecting means In the main scanning direc- 
tion, intensity modulation connecting means for compar- 
ing the detected preceding recording duty cycle and the 
detected present recording duty cycle to correct the 
modulation of the intensity of the light beam with the light 
beam intensity modulating means. 
[0031] The preceding recording duty cycle detecting 
means detects a preceding recording duty cycle of the 
image at a position scanned later than the present re- 
cording duty cycle detecting means in the main scan- 
ning direction. The intensity modulation correcting 
means compares the detected preceding recording duty 
cycle and the detected present recording duty cycle with 
each other to con-ect the modulation of the intensity of 
the light beam with the light beam Intensity modulating 
means. Thus, the intensity of the light beam can be cor- 
rected finely depending on details of the image. 
[0032] If the photosensitive medium is of such a na- 
ture that an area inBdiated with light remains as an im- 
age, then the light beam intensity modulating means 
may comprise means for modulating the intensity of the 
light beam to a higher level in a highlight area which is 
smaller than 25 % of all gradations of the image. 
[0033] If the preceding recording duty cycle is of a val- 
ue corresponding to the highlight area which is smaller 
than 25 % of all gradations of the image, and the present 
recording duty cycle is of a value con^esponding to an 
area except the highlight area which is smaller than 26 
% of all gradations of the image, then the intensity mod- 
ulation connecting means may comprise means for cor- 
recting the modulation of the intensity of the light beam 
to cause the intensity of the light beam to retum from a 



given position in the highlight area to a normal intensity. 
With this arrangement, if the image includes a highlight 
area and an area other than a highlight area an^nged 
forward in the main scanning direction, ttien it is possible 
5 to prevent the density from being stepped due. to an in- 
crease in the amount of light applied to the image ottier 
tfian the highlight area. 

[0034] According to the present invention, there is al- 
so provided a method of recording an image by scan- 

10 ning a photosensitive medium with a light beam gener- 
ated based on an image signal, comprising the steps of 
detecting a recording duty cycle of an image to be re- 
corded on the photosensitive medium based on the im- 
age signal, and modulating the Intensity of the light 

15 beam based on the detected recording duty ratio. 
[0035] Because the intensity of the light beam is nrwd- 
ulated based on the detected recording duty ratio, the 
amount of light of the light beam can be adjusted de- 
pending on the image actually recorded on the photo- 

20 sensitive medium. 

[0036] If the photosensitive medium is of such a na- 
ture that an area irradiated with light remains as an im- 
age, the step of modulating the intensity of the light 
beam may comprise the step of modulating the intensity 

25 of the light beam to a higher level in a highlight area 
which is smaller than 25 % of all gradations of the image. 
Therefore, the plate wear resistance of the highlight ar- 
ea of the image on the photosensitive medium can be 
Icept at a sufficient level. 

30 [0037] The above and other objects, features, and ad- 
vantages of the present invention will become more eip- 
parent from the following description when taken in con- 
junction with the accompanying drawings in which pre- 
fen-ed embodiments of the present invention are shown 

35 by way of illustrative example. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0038] 

40 

FIG. 1 is a perspective view of a printing plate pro- 
ducing system; 

FIG. 2 is a schematic perspective view, partly in 
block form, of an image recording apparatus in the 

45 printing plate producing system shown in FIG, 1 ; 

FIG . 3 is a block diagram of an exposure signal con- 
troller in the image recording apparatus; 
FIG. 4 is a diagram illustrative of an interiaced scan- 
ning process for simultaneously recording three 

50 scanning lines; 

FIG. 5 is a diagram showing an amount-of-light con- 
trol characteristic curve; 

FIG. 6 is a diagram showing an image density char- 
acteristic curve; 
55 FIG. 7 is a diagram showing a determining region; 
FIG. 8 is a block diagram of another exposure signal 
controller; 

FIG. 9 is a block diagram of still another exposure 
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signal controller; 

FIG. 10 is a diagram illustrative of the generation of 
beats; 

FIG. 11 is a block diagram of yet another exposure 
signal controller; 

FIG. 12 is a diagram showing other amount-of-light 
control characteristics; 

FIG. 13 is a diagram illustrative of a tailing phenom- 
enon; 

FIG. 14 is a block diagram of an exposure signal 
controller for eliminating a tailing phenomenon; 
FIG. 15 is a diagram illustrative of a process of elim- 
inating a tailing phenomenon; 
FIG. 1 6 is a block diagram of yet still another expo- 
sure signal controller; 

FIG. 1 7 is a block diagram of a further exposure sig- 
nal controller; 

FIG. 1 8 is a block diagram of a conventional image 
recording apparatus; 

FIG. 1 9 is a cross-sectional view of a photosensitive 
medium where an area exposed to tight remains as 
an image; 

FIG. 20 is a diagram illustrative of the plate wear 
resistance of a photosensitive medium; and 
FIG. 21 is a diagram illustrative of the image in^eg- 
ularities of a photosensitive medium. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0039] Likeorconiesponding parts are denoted by like 
or corresponding reference characters throughout 
views. 

[0040] FIG. 1 shows in perspective a printing plate 
producing system 30 whk:h incorporates an apparatus 
for and a method of recording an image according to the 
present invention. The printing plate producing system 
30 is a CTP (Computer To Plate) system for producing 
a printing plate on whk^h an image for generating a print- 
ed material is recorded, directly from digital image data 
without using a film. 

[0041] As shown in FIG. 1 , the printing plate produc- 
ing system 30 basbally comprises a plate supplying de- 
vice 34 for supplying an unexposed photosensitive me- 
dium 32, an image recording apparatus 36 for scanning 
an unexposed photosensitive medium 32 with a light 
beam L modulated by an image signal to record an Im- 
age on the photosensitive material 32, and a developing 
device 38 for developing the image recorded on the pho- 
tosensitive medium 32. 

[0042] The photosensitive medium 32 is the same as 
the photosensitive medium 32 as shown in FIG. 19 
whteh comprises the support body 20 supporting there- 
on the photosensitive layer 21 where an area inradlated 
by light remains as the image area 24. 
[0043] The plate supplying device 34 holds a plurality 
of unexposed photosensitive mediums 32 and supplies 
one at a time of the unexposed photosensitive mediums 



32 to the image recording apparatus 36 in the direction 
indicated by the an-ow. The image recording apparatus 
36 feeds the unexposed photosensitive medium 32 sup- 
plied from the plate supplying device 34 with an expo- 

5 sure stage 40 in an auxiliary scanning direction indicat- 
ed by the arrow Y, and at the same time scans the un- 
exposed photosensitive medium 32 with a laser beam 
L. whbh has been modulated by an image signal sup- 
plied from an image recording unit 42, in a main scan- 

10 ning direction indk^ated by the arrow X that is perpen- 
dbular to the auxiliary scanning direction, thereby re- 
cording a two-dimensional image, i.e., a halftone dot im- 
age, on the photosensitive medium 32 according to an 
area modulating process. The developing devtce 38 de- 

15 velops the image recorded on the photosensitive medi- 
um 32 that is supplied from the image recording appa- 
ratus 36. 

[0044] FIG. 2 shows in perspective the image record- 
ing apparatus 36 together with Its control circuit shown 

20 in block form. 

[0045] As shown In FIG. 2, the image recording appa- 
ratus 36 has a recording light source 46 energizable by 
a laser driver 44 for outputting a light beam L as a laser 
beam for recording an image on a photosensitive medi- 

25 urn 32, and a synch ronizing light source 50 energizable 
by a laser driver 48 for outputting a synchronizing laser 
beam Sfor generating asynchronizing clocksignal used 
when the light beam L scans the photosensitive medium 
32 in the main scanning direction. 

30 [0046] The image recording apparatus 36 includes a 
mechanical shutter 52, a variable-transmittance ND fil- 
ter 54, an acousto-optk: modulator (AOM) 56, a reso- 
nant scanner 58 as a light beam deflecting means, a 
scanning lens 59, and reflecting mirrors 60, 62 whrch 

35 are successively disposed in the light path of the light 
beam L that is outputted from the recording light source 
46. 

[0047] The mechanical shutter 52 is movable into and 
out of the light path of the light beam L by a displacing 

40 unit 64 for selectively supplying and blocking the light 
beam L to the photosensitive medium 32. The variable- 
transmittance ND fitter 54 is positionally variable with 
respect to the light path of the light beam L by a displac- 
ing unit 66, for controlling the amount of light of the light 

45 beam L. 

[0048] The AOM 56, which functions as a light beam 
intensity modulating means, turns on and off the light 
beam L depending on an image to be recorded on the 
photosensitive medium 32. Image data for recording an 

50 image on the photosensitive medium 32 are read from 
an Image memory 68, and converted Into an on/off mod- 
ulation signal by an exposure signal controller 70. The 
on/off modulation signal Is supplied to an AOM driver 
72. The AOM driver 72 supplies the AOM 56 with a drive 

55 signal whbh is a combination of signals having different 
frequencies, each turned on and off depending on the 
Image data. Therefore, the light beam L is turned on and 
off depending on the image data by the AOM 56. and 
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divided into a plurality of light beams L depending on the 
frequencies, which are supplied to the resonant scanner 
58. 

[0049] The resonant scanner 58 oscillates a minror at 
a high speed with a drive signal supplied from a scanner 
driver 74, and deflects the light beam L from the AOM 
56 in the main scanning direction X and supplies the de- 
flected light beam L to the scanning lens 59. The light 
beam L that has passed through the scanning lens 59 
is adjusted In its scanning speed with respect to the main 
scanning direction, and is then reflected by the reflecting 
mirrors 60, 62 toward the photosensitive medium 32. 
[0050] A reflecting mirror 78 movable into and out of 
the light path of the light beam L by a displacing unit 76 
is disposed between the reflecting minor 62 and the 
photosensitive medium 32. When the reflecting min-or 
78 is positioned in the light path of the light beam L, it 
reflects the light beam L to a photosensor 80 for moni- 
toring an amount of light of the light beam L. The pho- 
tosensor 80 detects an amount of light of the light beam 
L, which is converted by an A/D converter 82 into a dig- 
ital signal that is supplied to a CPU, not shown. 
[0051] The resonant scanner 58, the scanning lens 
59, the reflecting mirror 60, a reflecting min^r 84, a ref- 
erence grating 86, a light guide rod 88, and photosen- 
sors 90a, 90b are successively disposed in the light path 
of the synchronizing laser beam S that is outputted from 
the synchronizing light source 50. 
[0052] The synchronizing light source 50 is positioned 
to apply the synchronizing laser beam S to the resonant 
scanner 58 at an angle different from the laser beam L. 
The synchronizing laser beam S is reflected and deflect- 
ed in main scanning direction indicated by the arrow X 
by the resonant scanner 58. The synchronizing laser 
beam S deflected by the resonant scanner 58 travels 
through the scanning lens 59 to the reflecting mimor 60. 
The synchronizing laser beam S is reflected by the re- 
flecting mirror 60 toward the reflecting mirror 84, which 
reflects the synchronizing laser beam S toward the ref- 
erence grating 86. The synchronizing laser beam S 
passes through the reference grating 86. 
[0053] The reference grating 86 is elongate in the 
main scanning direction X, and has a linear succession 
of slits 92 along its longitudinal direction, the number of 
the slits depending on the resolution. 
[0054] The light guide rod 88, which is substantially 
cylindrical in shape, is disposed behind the reference 
grating 86 to receive the synchronizing laser beam S 
that has passed through the reference grating 86. The 
light guide rod 88 is made of a material capable of trans- 
mitting light therethrough. The synchronizing laser 
beam S that has entered the light guide rod 88 is repeat- 
edly reflected therein and travels therethrough to the 
photosensors 90a, 90b which are disposed on the re- 
spective ends of the light guide rod 88. 
[0055] To the photosensors 90a, 90b, there is con- 
nected a grating clock generator 94 for generating a 
grating clock signal GCLK comprising as many dock 



pulses as the number of the slits 92 of the reference grat- 
ing 86 in each scanning cycle. The grating dock signal 
GCLK generated by the grating dock generator 94 is 
supplied, as a recording timing signal for the image data 

5 to be recorded with respect to the main scanning direc- 
tion X, to the exposure signal controller 70. 
[0056] The photosensitive medium 32 is positk>ned 
on and held by the exposure stage 40. whk^h can be fed 
in the auxiliary scanning direction Y by a ball screw 100 

10 that is rotatable about its own axis by an auxiliary scan- 
ning motor 98. The auxiliary scanning motor 98 is ener- 
gizable by an auxiliary scanning motor driver 104 based 
on a motor driving reference clock signal that is supplied 
from an auxiliary scanning motor driving clock generator 

15 1 02. The motor driving reference clock signal is gener- 
ated by the auxiliary scanning motor driving clock gen- 
erator 1 02 based on a scanning dock signal which is a 
main scanning start timing signal supplied from the 
scanner driver 74. 

20 [0057] FIG.3 shows a circuit induding the exposure 
signal controller 70 and the AOM driver 72 according to 
a flrst embodiment of the present invention. 
[0058] As shown in FIG. 3, the exposure signal con- 
troller 70 has a timing signal generator 150 for generat- 

25 jng various timing signals or dock signals such as a pixel 
clock (dot dock) signal PCLK, a word dock signal WCLK 
for every 16 pixels (1 6 bits), and a main scanning area 
clock signal XSYNC for detemnining a main scanning 
area on the photosensitive medium 32, in synchronism 

30 with the grating clock signal GCLK supplied from the 
graflng clock generator 94. 

[0059] Of those timing signals, the main scanning ar- 
ea dock signal XSYNC and the word clock signal WCLK 
are supplied to a line memory controller 152. 

35 [0060] The line memory controller 1 52 basically con- 
trols reading and writing processes of six line memories 
201 - 206 under the control of a CPU 148 as a control 
circuit or control means. The line memory controller 1 52 
controls the six line memories 201 - 206. three at a time, 

40 to toggle between the reading and writing processes in 
synchronism with the main scanning area clock signal 
XSYNC. 

[0061] Prior to recording an image on the photosen- 
sitive medium 32, each of the line memories 201 - 206 

45 is supplied with one main scanning line of image data, 
i.e., binary on/off image data composed of 54400 pixels 
or dots, from the image memory 68 whose reading and 
writing processes are controlled by the CPU 148 via an 
input line memory selector 207 in the writing process 

50 controlled by the line memory controller 1 52. 

[0062] In an image recording operation, while image 
data are being supplied from the image memory 68 to 
one bank of line memories 201 - 203 (or 204 - 206), new 
image data are supplied from the other bank of line 

55 memories 204 - 206 (or 201 - 203) via an output line 
memory selector 208 to three parallel-to-serial convert- 
ers 209. For an easier understanding, the three parallel- 
to-serial converters 209 are shown as one parallel-to- 



6 



11 



EP1 136 272A2 



12 



serial converter. 

[0063] In synchronism with the word dock signal 
WCLK and the pixel clock signal PCLK, the parallel-to- 
serial converters 209 output respective binary innage 
signals IS1 - IS3 each representing serial data having a 
value 0 (low level) or a value 1 (high level) to the AOM 
driver 72. 

[0064] The AOM driver 72 comprises signal genera- 
tors 211 - 213 for generating respective signals f 1 - f3 
having a constant amplitude and respective different 
high frequencies f1 - f3, multipliers 221 - 223 for multi- 
plying the binary image signals IS1 - IS3 by the respec- 
tive signals f 1 - f3, a combiner 226 for combining product 
signals from the multipliers 221 - 223, a voltage control 
gain varying circuit 21 8 for adjusting the amplitude of a 
combined signal outputted from the combiner 226. and 
an amplifier 228 for amplifying and applying the ampli- 
tude-adjusted combined signal to a control terminal of 
the AOM 56. 

[0065] Based on the frequencies f 1 - f3 of the signal 
outputted from the amplifier228, the AOM 56 processes 
the single light beam L into three light beanns L that are 
offset on the photosensitive medium 32 in the auxiliary 
scanning direction Y, intensity-modulates and outputs 
the three light beams L based on the amplitude of the 
output signal from the amplifier 228. 
[0066] Therefore, the three light beams L are turned 
on and off in synchronism with the values 1 , 0 (on and 
off) of the binary image signals IS1 - IS3. 
[0067] FIG. 4 shows an interlaced scanning process 
for simultaneously recording images of three scanning 
lines that are offset in the auxiliary scanning direction Y 
on the photosensitive medium 32. First, the interlaced 
scanning process for simultaneously recording three 
scanning lines will be described below. 
[0068] In an auxiliary scanning position Y1 , images of 
first and third scanning lines, indicated by scanning line 
numbers in FIG. 4, are recorded on the photosensitive 
medium 32 with two tight beanns L based on the image 
data stored in the line memories 202, 203. In this scan- 
ning cycle, all Image data stored in the line memory 201 
are set to 0. 

[0069] Then, the photosensitive medium 32 is fed 
stepwise a distance AY in the auxiliary scanning direc- 
tion to a position Y2 (= Y1 + AY) by the auxiliary scanning 
motor 98. In this position Y2, images of second, fourth, 
and sixth scanning lines are recorded on the photosen- 
sitive medium 32 with three light beams L based on the 
image data stored in the line memories 204, 205, 206. 
[0070] Thereafter, the photosensitive medium 32 is 
fed again stepwise a distance AY in the auxiliary scan- 
ning direction to a position Y3 (= Y24- AY = Y1 + 2AY) 
by the auxiliary scanning motor 98. In this position Y3, 
images of fifth, seventh, and ninth scanning lines are 
recorded on the photosensitive medium 32 with three 
light beams L based on the image data stored in the line 
memories 201 , 202, 203. 

[0071] While the images are being recorded on the 



photosensitive medium 32 based on the image data 
stored in one bank of the line memories 201 - 203 or 
204 - 206, new image data are supplied from the image 
memory 68 to the other bank of the line memories 204 
5 - 206 or 201 - 203. In this manner, the line memories 
201 - 206 are operated in a toggled fashion, i.e., one 
bank at a time, to record images scanning lines on the 
photosensitive medium 32. 

[0072] The above toggled image recording operation 
10 is repeated until a desired two-dimensional image is re- 
corded in a desired area on the photosensitive medium 
32. 

[0073] Information as to which scanning line's image 
data are to be stored in which of the line memories 201 

/5 - 206 is stored in a memory in the CPU 1 48, and the line 
memory controller 152 controls the line memories 201 
- 206 based on the stored information. 
[0074] The toggled operation of the line memories 
201 - 206 and the Interiaced scanning process for simul- 

20 taneously recording images of three scanning lines 
shown in FIG. 4 make It possible to shorten a period of 
time required to record a two-dimenstonal image on the 
photosensitive medium 32. However, the principles of 
the present invention are not limited to the interlaced 

25 scanning process for simultaneously recording images 
of three scanning lines. 

[0075] In FIG. 3, when an image is recorded on the 
photosensitive medium 32, image data con-esponding 
to a given area in the image are supplied from the line 
30 memories201 -206 via the line memory selector 208 to 
a recording duty ratio detector 154 as a recording duty 
ratio detecting means which is controlled by the line 
memory controller 152. 

[0076] The recording duty ratio detector 154 whteh is 

35 also controlled by the CPU 148 detects the number of 
data that are turned on, i.e., the number of pixels having 
a value 1 , in the given area in the image, determines the 
percentage of the number of tumed-on data (the number 
of recording pixels of an image area In the given area) 

40 in the number of alt pixels in the given area, or a record- 
ing duty ratio PDUTY defined by the percentage, and 
supplies the recording duty ratio PDUTY to a light beam 
intensity correcting memory (also refen^d to as 
"amount-of-exposure control memory^ 156 that is con- 

45 trolled by the CPU 148. 

[0077] The light beam intensity connecting memory 
156 operates as a light beam intensity modulating 
means for modulating the intensity of the light beam L 
based on the recording duty ratio PDUTY determined 

50 by the recording duty ratio detector 154. 

[0078] FIG. 5 shows an amount-of-light control char- 
acteristic curve 1 58 that is set in the light beam intensity 
connecting memory 156. The amount-of-light control 
characteristic curve 158 can be modified as desired by 

55 the CPU 148. 

[0079] In FIG. 5, the horizontal axis represents the re- 
cording duty ratio PDUTY in % and the vertteal axis rep- 
resents the amount of recording light P. In the example 
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shown in FIG. 5. when the recording duty ratio PDLTTY 
Is In a range from 0 to 6 %, the amount of recording light 
P Is set to a level Lh (also referred to as "highlight level 
Lh") for increasing the intensity of the light beam L. 
When the recording duty ratio PDUTY is In a range from 
6 to 25 %, the amount of recording light P is set to a level 
that linearly decreases from the highlight level Lh to a 
medium level Lm. When the recording duty ratio PDUTY 
Is in a range from 25 to 1 00 %, the amount of recording 
light P is set to the medium level Lm. 
[0080] Since the recording duty ratio PDUTY is deter- 
mined as the percentage of the number of tumed-on da- 
ta (the number of recording pixels of an image area In 
the given area) in the number of all pixels in the given 
area, as described in detail later on, the amount-cf-light 
control characteristic cu we 1 58 is established such that 
the amount of recording light P is greater In a highlight 
area where the image is brighter, than in medium and 
shadow areas. 

[0081] The recording duty ratio PDUTY represents 
the number of recording pixels that make up the Image 
area in the given area. The horizontal axis in FIG. 5 may 
be considered as representing gradations from 0 to 1 00 
% of the image or halftone dot % of the halftone dot im- 
age. 

[0082] FIG. 6 shows an Image density characteristic 
curve 1 60 of an image that has been developed by the 
developing device 38 on the photosensitive medium 32. 
In FIG. 6, the horizontal axis represents the amount of 
recording light P on a logarithmic scale. The photosen- 
sitive medium 32 produces binary image densities when 
the amount of recording light P is of the zero level and 
the amount of recording light P is of the medium level 
Lm or the highlight level Lh. 

[0083] It can be seen from the image density charac- 
teristic curve 160 that an image density Dh produced at 
the highlight level Lh Is greater than an Image density 
Dm produced at the medium level Lm. 
[0084] In FIG. 3, ttie light beam Intensity correcting 
memory 1 56 outputs an intensity conning digital signal 
according to the amount-of-light control characteristic 
curve 1 58 shown in FIG. 5 to a D/A converter 1 62, which 
converts the intensity con-ecting digital signal into an in- 
tensity con-ecting analog signal Sp. The intensity cor- 
recting analog signal Sp is supplied to a voltage control 
input temninal of the voltage control gain varying circuit 
21 8 of the AOM driver 72. The voltage control gain var- 
ying circuit 218 adjusts a gain to a value proportional to 
the magnitude of the intensity correcting analog signal 
Sp. 

[0085] As a result, the amplitude of the combined sig- 
nal outputted from the combiner 226 Is adjusted by the 
voltage control gain varying circuit 218. The amplitude- 
adjusted signal is applied fmm the voltage control gain 
varying circuit 21 8 to the amplifier 228, which applies an 
amplified output signal to the AOM 56 to adjust the in- 
tensity of the light beam L outputted therefrom. 
[0086] The printing plate producing system 30 is ba- 



sically constmc^ed as described above. Operation of the 
printing plate producing system 30 will now be described 
below with reference to FIG. 2. 
[0087] When the printing plate producing system 30 
5 is turned on, the scanner driver 74 supplies a drive sig- 
nal to the resonant scanner 58 to start oscillating its mir- 
ror at a high speed. 

[0088] The laser driver 48 supplies a drive signal to 
the synchronizing light source 50, which outputs a syn- 

10 chronizing light beam S. The synchronizing light beam 
S outputted from the synchronizing light source 50 is re- 
flected and deflected by the resonant scanner 58, and 
guided by the scanning lens 59 and ttie reflecting mirrors 
60, 84 to the reference grating 86. 

15 [0089] The synchronizing laser beam S applied to the 
reference grating 86 successively passes through the 
slits 92 as the synchronizing laser beam S moves along 
the reference grating 86 in the nrmin scanning direction 
X, and enters as a pulsed light signal Into the light guide 

20 rod 88. The pulsed synchronizing laser beam S is re- 
peatedly reflected in the tight guide rod 88 and travels 
tiiereth rough to the photosensors 90a, 90b on the re- 
spective ends of the light guide rod 88. The photosen- 
sors 90a, 90b convert the pulsed synchronizing laser 

25 beam S into an electric signal and supplies the electric 
signal to the grating clock generator 94. 
[0090] The grating clock generator 94 shapes the 
waveform of the electric signal and multiplies Its fre- 
quency thereby to generate a grating clock signal 

30 GCLK. The grating dock signal GCLK generated by the 
grating clock generator 94 is supplied to the exposure 
signal controller 70. 

[0091] The exposure signal controller 70 converts Im- 
age data read from the image memory 68 into an on/off 

35 modulated signal according to the supplied grating dock 
signal GCLK and ckx:k signals whose frequencies are 
multiples of the frequency of the grating dock signal 
GCLK, and supplies the on/off modulated signal to the 
AOM driver 72. The AOM driver 72 supplies a drive sig- 

40 nal which is a combination of signals having different 
frequencies, each turned on and off depending on the 
image data, to the AOM 56. 

[0092] The recording light source 46 energized by the 
laser driver 44 outputs a light beam L for recording an 

45 image. The light beam L is guided to the AOM 56 via the 
variable-transmittance ND filter 54 whk:h has been ad- 
justed by the displadng unit 66 to produce a light beam 
L having a predetermined amount of light. In the image 
recording process, the mechanical shutter 52 that is po- 

50 sitioned In front of the variable-transmittance ND filter 
54 Is retracted out of the light path of the light beam L 
by the displacing unit 64. 

[0093] The tight beam L that Is applied to tiie AOM 56 
is turned on and off by the AOM 56 depending on the 
55 image data, and divided into a plurality of light beanns 
having different frequendes, whk^ are then supplied 
from the AOM 56 to the resonant scanner 58. The res- 
onant scanner 58 reflects and deflects the light beams 
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L, which are guided by the scanning lens 59 and the 
reflecting min-ors 60, 62 to the photosensitive medium 
32. 

[0094] The scanner driver 74 also supplies ascanning 
clock signal SCAN generated in each main scanning cy- 
cle to the auxiliary scanning motor driving clock gener- 
ator 102. Based on the supplied scanning dock signal 
SCAN, the auxiliary scanning motor driving clock gen- 
erator 102 generates and supplies a motor driving ref- 
erence clock signal to the auxiliary scanning motor driv- 
er 104. Based on the supplied motor driving reference 
clock signal, the auxiliary scanning motor driver 104 
generates a drive signal and applies the drive signal to 
energize the auxiliary scanning motor 98, whteh rotates 
the ball screw 100 about Its own axis. The exposure 
stage 40 is now displaced in the auxiliary scanning di- 
rection Y in synchronism with the scanning dock signal 
SCAN. 

[0095] Therefore, the light beam L modulated with the 
image data is applied to the photosensitive medium 32 
In the main scanning direction X while the photosensi- 
tive medium 32 is being fed in the auxiliary scanning di- 
rection Y, thereby forming a two-dimensional image on 
the printing plate 32. The photosensitive medium 32 with 
the two-dimensional image fonned thereon Is delivered 
to the developing device 38, which develops the image 
recorded on the photosensitive medium 32. Thereafter, 
the photosensitive medium 32 is fed to a printing proc- 
ess. 

[0096] Operation of an assembly induding the record- 
ing duty ratio detector 154 incorporated in the printing 
plate producing system 30 will be described below. 
[0097] FIG. 7 schematically shows binary image data 
stored in some storage areas of the line memories 201 
- 206. The line memories 201 - 206 whfch are shown in 
FIG. 7 contain image data representing four pixels to be 
blackened. I.e., tumed-on pixels, only in those storage 
areas at coordinates that are indicated by main scan- 
ning lines 13, 14 anayed in the auxiliary scanning direc- 
tion Y and columns j4, jS arrayed in the main scanning 
line X, and contain image data representing other pixels 
to be unblackened, i.e., tumed-off pixels. 
{0098] When main scanning lines i1 , 13, 15 eub to be 
simultaneously recorded based on image data recorded 
in the line memories 201 - 203 by the three light beams 
L, a detemiining area (also referred to as "detecting ar- 
ea") Darea is detenmined for detecting a recording duty 
ratio PDUTY corresponding to a given area in an image 
to be recorded on the photosensitive medium 32. In the 
example shown in FIG. 7. the detemiining area Darea 
is set to a two-dimensional area of 60 pixels which are 
made up of 3 pixels an-ayed in the auxiliary scanning 
direction Y x 20 pixels anByed in the main scanning 
direction X. 

[0099] First, the determining area Darea is estab- 
lished with respect to the pixel data of 11 x Q1 - j20), 13 
x(j1 -j20), 15 X (j1 -j20) at a leading position in the main 
scanning position X. A recording duty ratio PDUTY in 



the established detemiining area Darea, I.e., an aver- 
age recording duty ratio RDLTTY, is detected as PDLTTY 
= (2/60) X 100 = 3.3%. 

piOO] The recording duty ratio PDUTY (= 3.3 %) de- 
5 tected by the recording duty ratio detector 154 is sup- 
plied to the light beam intensity connecting mennory 156. 
In the light beam Intensity comecting memory 156, the 
amount-of-light control characteristk: curve 158 shown 
in FIG. 5 is referred to, and an amount of recording tight 
10 p for the detemiining area Darea is selected as the high- 
light level Lh (P = Lh). The magnitude of the intensity 
conrecting anatog signal Sp supplied from the D/A con- 
verter 1 59 to the voltage control gain varying circuit 21 8 
is now set to a value corresponding to the highlight level 
15 Lh. 

[0101] Therefore, an area on the photosensitive me- 
dium 32 whteh corresponds to the determining area Da- 
rea is exposed to the amount of recording light P at the 
highlight level Lh. with the result that the image density 

20 in that area becomes a high density Dh (see FIG. 6). 
[0102] The recording duty ratio detector 1 54 then es- 
tablishes a determining area Darea for the pixel data il 
X 021 - j40), 13 x(j21 - j40), i5 x (j21 - j40) at a next 
position in the main scanning position X, and detects a 

25 recording duty ratio PDUTY in the established detemiin- 
ing area Darea. Based on the detected recording duty 
ratio PDUTf , the light beam intensity correcting memory 
156 determines an amount of recording light P in the 
detemiining area of il x (121 - j40), 13 X(j21 - j40), i5 x 

30 (j21 -j40). 

[01 03] After the scanning of the photosensitive medi- 
um 32 with the main scanning lines il , i3, i5 is finished, 
the recording duty ratio detector 154 establishes a de- 
termining area Darea for the pixel data i4 x (j21 - j40), 

35 16 x(j21 - j40), 18 X (i21 - j40) for next main scanning 
lines i4, 16, i8, and detects a recording duty ratio PDLTfY 
In the established detemiining area Darea. 
[0104] Thereafter, recording duty ratios PDUTY are 
successively detected, amounts of recording light P are 

40 determined based on the detected recording duty ratios 
PDUTY, and images are recorded on the photosensitive 
medium 32. 

[01 05] Actually, the time when the recording duty ratio 
detector 154 detects the recording duty ratio PDLTTY is 

45 slightly out of phase with the image signals IS1 - 183 that 
are supplied via the parallel-to-serial converters 209 to 
the AOM driver 72. However, if it is taken into consider- 
ation that one halftone dot comprises 200 pixels x 200 
pixels, then a practically suffrcient level of accuracy is 

50 achieved. 

[01 06] A recording duty ratio PDUTY can also be de- 
temiined as a moving average. Specif teally, a recording 
duty ratio PDUTY is detected in the detemiining area 
Darea with respect to the pixel data of 11 x (j1 - j20), i3 

55 X(jl - i20), i5 X (j1 - j20), and then a recording duty ratio 
PDUTY is detected in the detenmining area Darea with 
respect to the pixel data of II x (j2 - j21 ), i3 X(i2 - J21 ), 
i5 X (j2 - j21 ). A moving average may not be determined 
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based on every single pixel, but may be determined 
based on every plural pixels. 

[0107] In the exposure signal controller 70 shown in 
FIG. 3, an average recording duty ratio PDLTTY in an 
area of 60 pixels is detected to energize the AOM driver 
72. FIG. 8 shows a modified exposure signal controller 
70B which has three recording duty cycle detectors 
154A - 154C for successively detecting respective re- 
cording duty cycles PDUTY each for 20 pixels in the 
main scanning direction. The light beam intensity cor- 
recting memory 156 produces amounts of recording 
light P with respect to the respective light beams L, 
which are converted by respective D/A converters 1 59A 
- 159C into intensity correcting analog signals Sp that 
control the gains of three voltage control gain varying 
circuits 21 8A - 21 SC. Gain-controlled signals outputted 
from the voltage control gain varying circuits 21 8A - 
21 80 are combined by a combiner 226A. In this manner, 
the amounts of recording light P of the three light beams 
L can Individually be adjusted. 
[0108] As shown In FIG. 9, the principles of the 
present invention are also applicable to still another ex- 
posure signal control circuit 70C for controlling a single 
light beam L. The intensity of the signal light beam L 
may be modulated by an EOM (Electro-Optic Modula- 
tor) which operates based on an electro-optic effect that 
a refractive index varies when an electric field is applied, 
rather than being modulated by the AOM 56, 
[0109] Various modifications of the present invention 
will be described below. 

[0110] Modification 1: Elimination of possible beats 
caused by an interference between the halftone dot pat- 
tern of a halftone dot image signal and a given area (an 
area of 3 pixels x 20 pixels in FIG. 7) in which a record- 
ing duty cycle PDUTY is detemiined. 
[Oil 1 ] It has been found that if the size of a given area 
for detecting a recording duty cycle PDUTY, I.e. , the size 
of a detennining area Darea for detennining whether the 
halftone % of an image to be recorded on the photosen- 
sitive medium 32 is in a highlight range or a medium 
range, is smaller than a halftone dot size (in the above 
embodiment, the halftone dot size is about 200 pixels x 
200 pixels whereeis the size of the detemnlntng area Da- 
rea is 3 pixels x 20 pixels), then the area of the medium 
halftone %. where the amount of light should not be in- 
creased, is recognized in error as a highlight area, and 
its amount of light is increased, and if that phenomenon 
occurs periodically, then it interferes with the halftone 
dotpattem, resulting in beats that are visually perceived. 
[01 1 2] FIG. 1 0 shows beats that occur between pixels 
recorded on the photosensitive medium 32 and halftone 
dots thereon. In FIG. 1 0, pixels Ph shown hatched have 
an image density equal to the image density Dh at the 
highlight level Lh, and pixels Pm shown blank have an 
image density equal to the image density Dm at the me- 
dium level Lm. Other areas in FIG. 10 are free of pixels. 
[0113] In FIG. 10, all eight pixels that make up each 
of halftone dots in a vertical array including halftone dots 



250 are blackened, and three of eight pixels that make 
up each of halftone dots in vertcal arrays including heilf- 
tone dots 252 posrttoned adjacent to the halftone dots 
250 are blackened. As can be seen from FIG. 10, an 
5 image 253 which is composed of these halftone dots 
suffers periodic image density irregularities, I.e., beats. 
[0114] In order to prevent beats from occurring, the 
size of the detemiining area Darea may be set to a size 
equal to or greater than a halftone dot area. However, 
10 the size of the detemnining area Darea thus set requires 
an increased amount of cateulations, posing new prob- 
lems in that resources such as the CPU 148, the mem- 
ories, etc. need to operate at higher speeds orthe power 
supply needs to be increased in capacity. 
is [0115] FIG. 11 shows an exposure signal controller 
70D an^nged to avoid beats without the need for an in- 
creased size for the detemiining area Darea. As shown 
in FIG. 11 , the exposure signal controller 70D includes, 
in addition to the components of the exposure signal 
20 controller 70 shown in FIG. 3, a random number gener- 
ator 260 whose timing of generating a random number 
is controlled by the line memory controller 152. A ran- 
dom number Rd generated by the random number gen- 
erator 260 is added by an adder 262 to a recording duty 
25 ratio PDUTY detected by the recording duty ratio detec- 
tor 154. The adder 262 supplies the sum signal repre- 
senting the recording duty ratio PDUTVr with the ran- 
dom number added to the light beam intensity correc^ng 
memory 1 56, The random number Rd may be Rd = - 1 , 
30 0, 1 (or- 2,-1,0. + 1, +2). 

[0116] The exposure signal controller 70D thus ar- 
ranged is capable of avoiding beats even if the deter- 
mining area Darea is smaller than a halftone dot area. 
[01 1 7] Rather than modulating the intensity of the light 
35 beam L based on the recording duty ratio PDUTYr whteh 
is the sum of the recording duty ratio PDUTY and the 
random number Rd, the line memory controller 152 may 
have an address/size random number applying means 
264 for varying a readout address with a random 
40 number thereby to vary the position of the determining 
area Darea in the image with the random number or to 
vary the size of the determining area Darea in the image 
with the random number. Such an altemative arrange- 
ment is also capable of avoiding beats. 
45 [0118] The exposure signal controller 70D shown in 
FIG. 11 can reduce periodic in-egularities in the image 
to avoid beats caused by an interference with the half- 
tone dot pattern. 

[0119] Modification 2: Elimination of an inversion of 

50 the gradation. 

[0120] As shown in FIG. 5, the amount-of-light control 
characteristic curve 158 that is set in the light beam in- 
tensity correcting memory 1 56 is established such that 
when the recording duty ratio PDUTY is in a range from 

55 0 to 6 %, the amount of recording light P is set to a high- 
light level Lh for increasing the intensity of the light beam 
L, when the recording duty ratio PDUXY is In a range 
from 6 to 25 %, the amount of recording tight P is set to 
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a level that linearty decreases from the highlight level 
Lh to a medium level Lm, and when the recording duty 
ratio PDUTY is in a range from 25 to 1 00 %, the amount 
of recording light P is set to the medium level Lm. 
[01 21 ] FIG. 1 2 shows a stepped amount-pf-light con- 
trol characteristic curve 158A that is established such 
that when the recording duty ratio PDUTY is in a range 
from 0 to 6 %, the amount of recording light P is set to 
a highlight level Lh, and when the recording duty ratio 
PDUTY is in a range exceeding 6 %, the amount of re- 
cording light P is set to a medium level Lm. 
[0122] With the stepped anDount-of-light control char- 
acteristic curve 1 58A, it is possible to reduce the storage 
capacity of the light beam intensity correcting memory 
156. However, there is a possibility that an increase in 
the halftone % due to an increase in the area of the im- 
age area 24 (see FIG. 19) upon an increase in the 
amount of light may exceed an increase in the halftone 
% In the image data, resulting in a gradation inversion 
phenomenon. 

[0123] To avoid such a gradation inversion phenom- 
enon, the recording duty cyde PDUTY, i.e., the increase 
in the amount of light with respect to the detected half- 
tone %, should not be as sharp as shown in FIG. 1 2, but 
may be set to the amount-of-light control characteristic 
curve 1 58 shown in FIG. 5, or may be set to an amount- 
of-light control characteristic curve 158B where the dif- 
ference between a highlight level Lh* and the medium 
level Lm is smaller than with the amount-of-light control 
characteristic curve 158A, as indicated by the dot-and- 
dash line in FIG. 12. The amount-of-light control char- 
acteristic curve thus established is capable of prevent- 
ing the gradation inversion phenomenon from occurring. 
[0124] Modification 3: Elimination of a tail produced in 
the recorded image due to a change in the amount of 
recording light P between the highlight level Lh and the 
medium level Lm. 

[0125] FIG. 13 is illustrative of a tailing phenomenon. 
FIG. 13 shows, at A. a picture pattem 300 of an image 
that may possibly cause a tailing phenomenon. The pic- 
ture pattem 300 Includes a light image area 301 con-e- 
sponding to a highlight area in its trailing end (scanned 
eariier) In the main scanning direction X, a dark image 
area 302 following the light image area 301 in the main 
scanning direction X and corresponding to a medium ar- 
ea (including a shadow area), and a light image area 
303 following the daric image area 302 In the main scan- 
ning direction X and con^esponding to a highlight area. 
[0126] FIG. 13 shows, at B, the manner in which the 
data of the amount of recording light P generated from 
the light beam Intensity correcting memory 156 based 
on the recording duty cyde PDUTY detected by the re- 
cording duty cycle detector 1 54 changes with respect to 
the image date representing the picture pattem 300. 
[0127] FIG. 1 3 shows, at G, the manner in which the 
Ideal laser power (the amount of recording light) applied 
to the photosensitive medium 32 changes based on the 
amount of recording light P shown in FIG. 13 at B. Ac- 



cording to the illustrated changes In the Ideal laser pow- 
er, the laser power falls instantaneously from the high- 
light level Lh to the medium level Lm at a position xO 
and rises instantaneously from the medium level Lm to 

5 the highlight level Lh at a position x2, depending on the 
data of the amount of recording light P. 
[0128] FIG. 13 shows, at D, changes in the ac^al la- 
ser power. Actually, the ac^al laser power has a re- 
sponse delay from the position xO where the amount of 

10 recording light P changes, reaches the medium level Lm 
at a position x1 , and reaches the highlight level Lh at a 
position x3. 

[0129] FIG. 13 shows, at E, an Ideal picture pattem 
304 corresponding to the picture pattem 300 shown in 

15 FIG. 13 at A, when it is recorded on the photosensitive 
medium 32 with the ideal laser power shown in FIG. 13 
at C. FIG. 13 shows, at F, a picture pattem 306 with a 
tail when it is recorded on the photosensitive medium 
32 with the actual laser power shown in FIG. 13 at D. 

20 Each of the pi<^re patterns 304, 306 is shown slightly 
wider than ac^al picture pattems in the auxiliary scan- 
ning direction Y. 

[0130] As shown in FIG. 13 at F, a daric image area 
302A between the positions xO and x1 has its density 

25 highest at the position xO and gradually reduced to a 
desired density of a dark image area 302B at the posi- 
tion x1, resulting in a tailing phenomenon, i.e., a phe- 
nomenon in which a density gradation takes place 
though the picture pattem has a constant density as in- 

30 dicated in the daric image area 302 in FIG. 13 at A. A 
light image area 303A between the positions x2 and x3 
also suffers a tailing phenomenon where its density 
gradually decreases. However, the density change in 
the light image area 303A between the positions x2 and 

^ x3 is not distinct and cannot visually be perceived by 
human vision as the density in the light image area 303A 
is originally low. Therefore, the dark Image area 302A 
suffering the tailing phenomenon between the positions 
xO and x1 causes a major problem. The density of the 

40 dark image area 302B is of a constant level wh ich is the 
same as the density of the daric image araa 302. 
[0131] FIG. 14 shows an exposure signal controller 
70E arranged to eliminate the tailing phenomenon de- 
scribed above with reference to FIG. 13 at A - F. 

45 [0132] FIG. 1 5 is illustrative of an algorithm for elimi- 
nating a tailing phenomenon using the exposure signal 
controller 70E. FIG. 15 shows, at C, the ptoture pattem 
300 of an image that may possibly cause a tailing phe- 
nomenon as shown in FIG. 13 at A. 

50 [0133] As shown in FIG. 14, the exposure signal con- 
troller 70E Indudes, in addition to the components of the 
exposure signal controller 70 shown in FIG. 3, a preced- 
ing recording duty ratio detector 154A for detecting a 
recording duty ratio at a position scanned later in the 

55 main scanning direction, i.e. , a preening position in the 
main scanning direction, than the recording duty cycle 
detector (referred to as "present recording duty cycle 
detector^ 154 which detects a present recording duty 
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cycle PDUTY. and an edge detector 312 serving as an 
intensity modulation correcting means for outputting a 
control signal Se to shift the common contact of a pre- 
ceding amount-of -light changing switch 310 as a pre- 
ceding amount-of-light changing means for detecting, 
prior to a recording process, the position xO of an edge 
(changing point) where the density changes from the 
light image area 301 to the dark image area 302, from 
a change in the preceding recording duty cycle ADUTY 
outputted from the preceding recording duty ratio detec- 
tor 154A and the highlight level (data) Lh outputted from 
the light beam intensity correcting memory 156, and 
changing the amount of recording light P from the high- 
light level Lh to the medium level Lm when the position 
of the edge xO is detected. 

[0134] The preceding amount-cf -light changing 
switch 310 has a fixed contact connected to the light 
beam intensity correcting memory 1 56 for outputting the 
highlight level Lh or the medium level Lm, and another 
fixed contact connected to the CPU 148 for outputting 
the medium level Lm as a constant level. 
[0135] In FIG. 14. the readout address of the deter- 
mining area ADarea in an image for detecting the pre- 
ceding recording duty cycle ADUTY with the preceding 
recording duty ratio detector 154A is specified by the 
line memory controller 152 or the CPU 148. As shown 
in FIG. 15 at A, the detennining area needs to be a de- 
termining area (preceding detennining area) ADarea 
that is scanned later than the detennining area Darea 
of the recording duty ratio detector 1 54 by a time interval 
(preceding time interval) ds. 

[0136] If the present recording position is a most trail- 
ing position in the main scanning direction X of the de- 
termining area Darea, as indicated by the downward ar- 
row in FIG. 15 at B, then In order to detect the position 
xO where the density changes from the highlight level to 
the medium level, the time interval ds is required to be 
longer than at least the response delay x1 - xO shown 
in FIG. 13 at D. For example, the time interval ds may 
be set to a value ranging from 1 to 2 times the response 
delay x1 - xO. 

[01 37] If the time interval ds is set to the response de- 
lay x1 - xO, then when an image is recorded at the high- 
light level Lh based on the recording duty ratio PDUTY 
outputted from the recording duty ratio detector 154, 1. 
e., when the recording duty ratio PDUTY is smaller than 
6 %, or when the preceding recording duty ratio ADUTY 
is set to a value equal or greater than 6 % by the pre- 
ceding recording duty ratio detector 154A (the example 
shown in FIG. 12), or the recording duty ratio PDUTY Is 
equal to or greater than 25 % (the example shown In 
FIG. 5), the control signal Se from the edge detector 31 2 
is applied to shift the preceding amount-of-light chang- 
ing switch 310 to supply the medium level Lm from the 
CPU 1 48 to the D/A converter 1 59. That is, the common 
contact of the preceding amount-of-light changing 
switch 310 is shifted from the light beam intensity cor- 
recting memory 1 56 to the CPU 1 48 to connect the input 



temninal of the D/A converter 159 to the CPU 148. 
[0138] As indicated at a position x-1 in FIG. 15 at D, 
though the light image area 301 is being scanned, the 
amount of recording light P is reduced from the highlight 
5 level Lh to the medium level Lm at a preceding time. At 
this time, as shown in FIG. 1 5 at E, the actual laser pow- 
er is gradually reduced. 

[0139] At a position x2 where the image density 
changes from the dark image area 302 to the light image 

10 area 303. the edge detector 31 2 applies the control sig- 
nal Se to connect the input terminal of the D/A converter 
159 to the light beam intensity correcting memory 156 
when the present recording duty cyde PDUTY of the 
present recording duty cycle detector 154 becomes a 

15 value to output the highlight level from the light beam 
intensity con-ecting memory 1 56, regardless of the value 
of the preceding recording duty cycle ADLTTY of the pre- 
ceding recording duty cycle detector 154A. 
[0140] In this manner, as shown in FIG. 15 at D, the 

20 amount of recording light P is changed from the medium 
level Lm to the highlight level Lh at the position x2. The 
actual laser power gradually increases from the position 
x2 as shown in FIG. 15 at E. 

[0141] With the laser power thus controlled, as indi- 
25 cated by a picture pattern 308 in FIG. 1 5 at F, the density 
of a dark image area 302C between the positions xO and 
x1 does not change as compared with the picture pat- 
tem 306 shown in FIG. 13 at F. In the picture pattem 308 
shown in FIG. 15 at F, the density is slightly reduced in 
30 a light image area 301 A between the positions x-1 and 
xO and a light image area 303A between the positions 
x2 and x3 because the actual laser power is reduced as 
shown in FIG. 15 at E. However, since the density of the 
light image areas 301 , 303 of the original image 300 is 
35 low, the reduction in the density cannot visually be per- 
ceived. Accordingly, the tailing phenomenon can virtu- 
ally be eliminated. 

[0142] Specifically, in the exposure signal controller 
70E shown in FIG. 14. the preceding detennining area 

40 ADarea is provided in addition to the detennining area 
Darea, and an image in a medium halftone % area 
where image irregularities are noticeable, i.e., the dark 
image area 302, is determined in advance. The amount 
of light starts being reduced before the light beam L 

45 reaches the edge position xO. In this manner, the slow 
response in controlling the amount of light is compen- 
sated for and will not be visually recognized as image 
in^egularities. In all of the embodiments described 
above, the recording duty cycle detector 1 54 comprises 

50 a digital circuit. However, the recording duty cycle de- 
tector 154 and the preceding recording duty cycle de- 
tector 154A may comprise an analog circuit. 
[0143] FIG. 16 shows an exposure signal controller 
70F where the recording duty cycle detector 154 is re- 

55 placed with a low-pass fitter in the fonn of an analog 
circuit. For the sake of brevity, a single light beam L Is 
shown in FIG. 16. However, a plurality of light beams 
such as three light beams may be employed. 
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[0144] In FIG. 16, a binary image signal IS1 which has 
a value 1 or 0 is supplied from the parallel-to-serial con- 
verter 209 to a low-pass fitter 314 and also to an input 
tenninal of a multiplier 221 of an AOM driver 72B. The 
AOM driver 72B differs from the AOM driver 72 shown 
in FIG. 9 in that the voltage control gain varying circuit 
21 8 and the multiplier 221 are switched around. The po- 
sitions of the voltage control gain varying circuit 218 and 
the multiplier 221 are of design matter, and hence can 
be changed as desired in design. 
[0145] The low-pass fitter 31 4 has its output value in- 
creased depending on the probability of appearance of 
the value 1 of the binary image signal IS1 . Specifically, 
the low-pass fitter 314 outputs a signal SDUfY propor- 
tional to the recording duty cycle PDUTY of the binary 
image signal IS1 . The signal SDUTY from the low-pass 
filter 314 is compared by a comparator 320, which out- 
puts a binary signal to control the gain of the voltage 
control gain varying circuit 218 in a binary fashion. 
[01 46] With the low-pass filter 31 4 used as the record- 
ing duty cycle detector, the circuit an^ngement is highly 
simplified because no counting means and memory are 
required. The comparator 320 may be replaced with an 
amplifier whose amplifying characteristic curve approx- 
imates the amount-of-llght control characteristic curve 
158 shown in FIG. 5. 

[0147] The time constant of the low-pass filter 314 
possibly tends to produce beats due to interference with 
the halftone dot pattem. To avoid such beats, as shown 
in FIG. 17, a random number Rd may be generated by 
a random number generator 322 and a D/A converter 
324 and added to the signal from the low-pass filter 314 
by an adder 326 connected between the low-pass filter 
314 and the comparator 320. 

[0148] According to the present invention, as de- 
scribed above, the recording duty cycle of an image to 
be recorded on the photosensitive medium is detected 
before the image is actually recorded on the photosen- 
sitive medium, and the amount of light applied to record 
the image is controlled based on the detected recording 
duty cycle. Therefore, the amount of recording light can 
be corrected highly accurately. 
[0149] For example, if the photosensitive medium Is 
of such a nature that an area irradiated with light remains 
as an image, then the intensity of a light beam applied 
thereto is modulated to a higher level in a highlight area 
of the image. Therefore, the plate wear resistance of the 
photosensitive medium in the highlight area is main- 
tained at a sufficient level, image in-egularities are pre- 
vented from occurring. 

[0150] Thus, the intensity of the light beam can be 
controlled with higher accuracy in smaller ranges than 
halftone %. 

[0151] The amount of recording light can be con-ected 
without the need for a con-ecting memory table. Since 
no connecting memory table is used, the image recording 
apparatus is simple in arrangement and low in cost. 
[01 52] Although certain preferred embodiments of the 



present invention have been shown and described in 
detail, it should be understood that various changes and 
modifications may be made therein without departing 
from the scope of the appended claims. 

5 

Claims 

1 . An apparatus for recording an image by scanning a 
10 photosensitive medium (32) with a light beam (L) 

generated based on an image signal, comprising: 

recording duty cycle detecting nneans (154) for 
detecting a recording duty cyde (PDUTY) of an 

15 image to be recorded on the photosensitive me^ 

dium based on the image signal; and 
light beam intensity modulating means (156) 
(56) for modulating the intensity of the light 
beam based on the detected recording duty ra- 

20 tio. 

2. An apparatus according to claim 1, wherein said 
photosensitive medium is of such a nature that an 
area irradiated with light remains as an innage, and 

25 said light beam intensity modulating means com- 
prises means for modulating the intensity of the light 
beam to a higher level in a highlight area of the im- 
age. 

30 X An apparatus according to claim 2, wherein said 
highlight area comprises a highlight area smaller 
than 25 % of all gradations of the image recorded 
on said photosensitive medium. 

^ 4. An apparatus according to claim 1 , wherein said re- 
cording duty cyde detecting means comprises a 
low-pass filter (314). 

5. An apparatus according to claim 1 , wherein said re- 
40 cording duty cycle detecting means comprises 
means for detecting a recording duty cyde corre- 
sponding to a given area (Darea) in the image re- 
corded on said photosensitive medium. 

45 s. An apparatus according to claim 5, further compris- 
ing: 

random number applying means (264) for var- 
ying the position of the given area in the image with 
a random number. 

50 

7. An apparatus according to claim 5, further compris- 
ing: 

random number applying means for varying 
the size of the given area in the image with a random 
55 number. 

8. An apparatus according to claim 5, wherein said 
light beam intensity modulating means comprises 
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random number applying means for applying a ran- 
dom number to the detected recording duty cycle, 
and means for modulating the Intensity of the light 
beam based on the recording duty cycle to which 
the random number is applied by said random 
number applying means. 

9. An apparatus according to daim 1 , wherein said 
light beam comprises a plurality of light beams for 
simultaneously scanning said photosensitive medi- 
um to record the image thereon, and wherein said 
recording duty ratio detecting means comprises a 
plurality of recording duty ratio detecting means as- 
sociated respectively with images recorded on the 
photosensitive medium based on respective image 
signals to generate said light beams, and said light 
beam intensity modulating means comprises a plu- 
rality of light beam intensity modulating means as- 
sociated respectively with recording duty ratios de- 
tected by said recording duty ratio detecting means. 

10, An apparatus according to daim 1, wherein said 
light beam comprises a plurality of light beams for 
simultaneously scanning said photosensitive medi- 
um to record the image thereon, and wherein said 
recording duty ratio detecting means comprises 
means for determining an average recording duty 
ratio of images recorded on the photosensitive me- 
dium based on respective image signals to gener- 
ate said light beams, and said light beam intensity 
modulating means comprises means for modulat- 
ing the brightnesses of said light beams based on 
said average recording duty ratio. 



tensity of the light beam with said light beam 
intensity nrK>dulating means. 

12. An apparatus according to daim 11, wherein said 
5 photosensitive medium is of such a nature that an 

area irradiated with light remains as an image, and 
said light beam intensity modulating means com- 
prises means for nrK>dulating the intensity of the light 
beam to a higher level in a highlight area which is 
10 smaller than 25 % of all gradations of the image. 

13. An apparatus according to claim 12, wherein said 
preceding recording duty cycle is of a value conre- 
sponding to the highlight area which is smaller than 

15 25 % of all gradations of the image, and said present 
recording duty cyde is of a value corresponding to 
an area except the highlight area which is smaller 
than 25 % of all gradations of the image, and where- 
in said intensity modulation correcting means com- 

20 prises means for correcting the modulation of the 
intensity of the light beam to cause the intensity of 
the light beam to retum from a given position in the 
highlight area to a normal intensity. 

25 14. A method of recording an image by scanning a pho- 
tosensitive medium with a light beam generated 
based on an image signal, comprising the steps of: 

detecting a recording duty cycle of an image to 
30 be recorded on the photosensitive medium 

based on the image signal; and 
modulating the intensity of the light beam based 
on the detected recording duty ratio. 



1 1 . An apparatus for recording an image by scanning a 35 
photosensitive medium which is fed in an auxiliary 
scanning direction, with a light beam generated 
based on an image signal in a main scanning direc- 
tion substantially perpendicular to said auxiliary 
scanning direction, comprising: ^ 

present recording duty cyde detecting means 
(1 54) for detecting a present recording duty cy- 
cle of an image to be recorded on the photo- 
sensitive medium based on the image signal; ^ 
tight beam intensity modulating means (156) for 
modulating tiie intensity of the light beam based 
on the detected present recording duty ratio; 
preceding recording duty cyde detecting 
means (1 54A) for detecting a preceding record- 50 
ing duty cycle of the image at a position 
scanned later than said present recording duty 
cycle detecting means in the main scanning di- 
rection; and 

intensity modulation correcting means (312) for 55 
comparing the detected preceding recording 
duty cyde and the detected present recording 
duty cycle to correct the modulation of the in- 



15. A method according to claim 14, wherein said pho- 
tosensitive medium is of such a nature that an area 
irradiated with light remains as an image, and said 
step of modulating the intensity of tine light beam 
comprises the step of modulating the intensity of the 
light beam to a higher level in a highlight area which 
is smaller than 25 % of all gradations of the image. 
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